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We  would  like  to  report  some  results  of recent  work  on  the purification  of
rabbit kidney  (RK)  interferon  (IF).  Our attempts to identify  labeled IF  are
similar  to  those just described  by  Dr.  Paucker,  but  our double  labeling  ex-
periments failed  to demonstrate a  specific  radioactive  protein produced only
by  cells  induced  to  synthesize  interferon.  Highly  purified  preparations  of
rabbit  interferon  revealed  a  single  peak  of interferon activity  corresponding
to a  peak  protein-3 H,  but these peaks  were  not  conclusively separated  from
noninterferon  cellular  protein-5 4C  by  cochromatography  on carboxymethyl-
Sephadex  or  by  coelectrophoresis  on  acid  or neutral polyacrylamide  gels.
The system  we chose for producing  IF  was primary  cultures  of RK  cells
induced  to  synthesize  IF  by infection  with  the CG strain  of Newcastle  dis-
ease  virus  (NDV).  In  this  system,  as  previously  described  (4),  excellent
yields of IF are obtained in only 6-8 hr after induction.  In  addition, synthesis
of  IF  by  cells  in  protein-free  medium  reduced  inert  protein  content  in  the
starting  material.  Thus,  the  "crude"  interferon  preparations  were  already
relatively  pure, the initial specific activity  being as high as 20,000 PDD 5 s/mg
protein.  Interferon  titration  by  the method  of  50%  plaque  reduction  was
performed by exposing triplicate monolayer  cultures  (2  X  106  cells per plate)
of 5-day-old RK cells to 1 ml dilutions  of IF for 4-6 hr before challenge with
50-100 plaque forming units  (p.f.u.) of vesicular stomatitis virus. Protein con-
tent was measured by the Lowry method using crystalline bovine serum albu-
mine as the standard.
In  preliminary  experiments  RK  cells  infected  with NDV  (200  p.f.u  per
cell)  were  incubated  for  8  hr  in  special  serum-free  basal  medium,  Eagle's
(BME),  containing  leucine-3H  and  tyrosine-3H.  Yields  of  IF  at  8  hr  were
consistently  1600-3200  PDDso/ml.  Initial  10-fold  purification  was achieved
by  sequential  precipitation  of  inert  cellular  and  viral  protein  with  0.15  M
perchloric  acid  and  concentration  of IF  by  precipitation  with  0.02  M  zinc
acetate,  followed  by  exhaustive  dialization  against  0.1  M sodium  phosphate
at pH  6.  Subsequently,  a  considerable  amount of inert protein and  radioac-
tivity  could  be  removed  by  pH-gradient  chromatography  on  a  column  of
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The Journal of General Physiologycarboxymethyl  (CM)  -Sephadex  C50.  Elution  of IF activity consistently  oc-
curred  as  a  broad  peak  at pH  6.4-6.6.  These  peak  fractions  contained  IF
purified  as much as  1000-fold  with respect to original  protein concentration;
one  of  our  best  samples  showed  a  specific  IF  activity  well  over  2  million
PDD5o/mg  protein  in pooled  peak  fractions  of  IF  eluted from the  column.
However,  a critical  test of the purity  of this high specific  activity  by Fantes'
method  of  electrophoresis  on  acid  polyacrylamide  gels  (1)  revealed  many
nonspecific  radioactive  peaks  distributed  throughout  the  gel  in  addition  to
coincident  peaks  of biological  activity  and  H.  These  results  suggested  the
necessity  of more  detailed  characterization  of purified  IF  by  double labeling
experiments.
In these  experiments,  NDV-infected  RK cells were incubated  for 8  hr in
special serum-free BME containing leucine-3H  and tyrosine-3H,  10  MuCi/ml  of
each;  uninfected  control RK cells were incubated for the same period in the
same  medium  but containing amino acids-'4C,  1  Ci/ml.  Media  from IF-in-
duced  (3H)  and uninduced  (14C)  cell cultures  were  mixed an pudrified  con-
currently  by  perchloric  acid  and  zinc  acetate  precipitation.  In  a  repre-
sentative  experiment  a  30 ml amount  of this semipurified  mixture  (480,000
PDDo0 of IF, 9  mg  of protein,  192  X  106  cpm of 3H,  and  32  X  106 cpm of
1 4C)  was chromatographed  on a column  of CM-Sephadex  C50. About  30%
of IF activity  eluted  at pH 6.4-6.6.  IF specific  activity  of this  peak  fraction
was  1.6 million PDD5o/mg protein. However,  only relatively minor coincident
peaks  of protein-3H  are noted in the region  of IF peak  activity.  In addition,
there was no  significant  increase  in the  H:14C ratio  (=  6.8)  compared  with
that  (=  6.0)  of prechromatographed  IF.  To test the  purity of this IF  peak,
three fractions  were  pooled,  concentrated  with  Ficoll,  and  analyzed  by  disc
electrophoresis  on columns  of  7.5%  polyacrylamide  at pH 4.3.  In  Fig.  1 A
the 0.2  ml aliquots  of postchromatographed  sample containing 229,000  cpm
of 3H, 34,000 cpm of 1 4C,  3200 PDD5o  of IF, and 4  jsg of protein  were layered
on the gels  and electrophoresed  for  2 hr at 5 ma per gel in  -alanine  acetate
buffer  (pH 4.5).  Gels stained  with  Coomassie blue showed  no visible protein
bands.  The radioactivities  expressed  as per  cent of total  cpm and  biological
activity  (PDD50/2.5  mm-gel slice)  are plotted against migration distance from
the anode in the same figure.  Excellent correspondence  is noted for the peak
of IF activity with that of 3H radioactivity which migrated about 30 mm from
the anode.  Total  recovery  of  IF from  gel  slices  was  almost  100%.  Tritium
counts  of an IF-corresponding  peak  was about 4000  cpm  per  fraction,  that
is about 160  of total counts of the applied sample.  This indicates that a further
60-fold purification was achieved with respect to protein-3H  concentration  by
acid disc electrophoresis  to give a specific IF activity of 12 million PDD50/mg
equivalent  of protein-3H.  However,  there  was no  significant difference in the
distribution of radioactivity between  3H and  4C.  As a test of the purity of this
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highly purified interferon,  peak fractions of IF activity and radioactivity eluted
from  two  identical  gels  were  subjected  to reelectrophoresis  under  the same
conditions.  Fig.  1 B shows complete correspondence  of IF activity with a single
aH  peak  except for leading and trailing  shoulders.  Therefore,  the  protein-1H
associated with  IF activity  was relatively  homogeneous.  An additional  four-
fold purification  was achieved by reelectrophoresis,  giving  a  specific  activity
of 48 million  PDD50/mg  equivalent of protein-3H.  In  other words,  one unit
of this highly purified  IF represented  2  X  10-1lg  of protein.
Despite this evidence of high purity,  no conclusion can be drawn  concern-
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FIGURE  1. Coelectrophoresis  on
a 7.5%  polyacrylamide gel, pH
4.3,  of  a  purified  mixture  of
NDV-induced  cell  proteins-
3H
and  control  cell  proteins-
1 4C.
Figure reprinted by  permission  from
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ing  the  actual  incorporation  of leucine-31  and  tyrosine-3H  into  IF-specific
protein.  As  noted in Fig.  1 A,  almost equivalent proportions of inert  14C pro-
tein peaked  at exactly the  same position in the  gel.  Although  the 14C  counts
are  very low  on reelectrophoresis,  as shown in Fig.  1 B,  the  3H :14C ratio in
the peak IF fraction was similar to that in Fig.  1 A.
From the  above results  we considered  the hypothesis  that IF  might  be a
peptide chain  complexed  with an inactive carrier protein present in both in-
duced  and  uninduced  cells.  To  investigate  this  possibility  the  method  of
Maizel  (2)  was used  to separate a  possible IF peptide-3H.  The same sample
as  used for  the  experiment  shown in  Fig.  1 A  was treated  with  acetic  acid,
urea,  sodium  dodecyl  sulfate  (SDS),  and  2-mercaptoethanol  followed  by
electrophoresis  on neutral urea-SDS  acrylamide gels.  Under these conditions
IF activity was  completely  destroyed,  but labeled  proteins were expected  to
A  i  3a H-
_  I14C_
1,;V~hi11I
I 
E
a) u
0
x
0
E
0CL
r
I86 s
bInvited Discussion
be  dissociated,  possibly  resulting  in the separation  of  IF  peptide-3H.  HIow-
ever, as  shown in Fig.  2,  none  of the  peptides-3H  can be distinguished  from
non-IF peptides-1 4C.
Isolation of a single peak of IF-corresponding protein-3H by reelectrophore-
sis  (Fig.  1 B) suggested homogeneity  of the protein and permitted  estimation
of its molecular weight by the method  of Shapiro et al.  (3)  on a neutral SDS
polyacrylamide  gel.  A  mixture of concentrated  peak  fractions  of IF activity
eluted  from  the  gel  and four  standard  proteins  were  treated  with  0.1 %  of
SDS and 2-mercaptoethanol  and  coelectrophoresed  in  a 5% acrylamide  gel
in the  presence  of SDS.  Although  biological  activity  of  IF  is  destroyed  by
SDS,  a single  sharp  polypeptide- 1H  peak  migrated  to  a  position  in  the  gel
equivalent  to a molecular  weight of 28,000 daltons.
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FIGURE  2.  Comparative  electropherogram  of proteins-3H  and proteins-1
4C extracted
from  a  purified  mixture  of  interferon  (
3 H)  and  control  (14C)  preparations.  Figure
reprinted by permission  from the American Society for Microbiology  (see reference 6).
In  summary,  we  obtained  an  extremely  highly  purified  RK  IF  which
migrated  as  a single  peak  corresponding  to  a  peak  of protein-3H  after  elec-
trophoresis on acid polyacrylamide  gels.  However,  the double labeling experi-
ments revealed  that 14 C-labeled uninduced  control cells synthesized  a protein
which migrated  electrophoretically  to the same position as that of IF  and its
corresponding  protein-3H.  These  results  raise  the  possibility  of  continuous
synthesis  in  uninduced  cells  of an inactive  precursor  protein,  which  is  con-
verted to an active form when the cells are induced  (5). More likely, however,
these data  merely  indicate that  IF is  indeed  synthesized  de  novo  but cannot
readily  be distinguished  from a  noninterferon  protein on the basis  of charge
or size.
Dr. S.  Yamazaki  is a visiting instructor  and research fellow  on leave  from the  Chiba University
School of Medicine,  Chiba, Japan.
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Discussion  from the Floor
From the floor: As to  heterogeneity,  we all recognize the ability  of various pros-
thetic groups to complex with proteins,  and we know that some of these complexes are
amazingly stable;  heterogeneity can also often be  introduced  as the  result of artifact-
ual changes.  I  am not entirely sure whether the interferon,  that was separated from
the two inert protein  bands in the  acid  acrylamide  electrophoresis  experiment,  was
the  material that was used  to demonstrate  heterogeneity  by  the  isoelectric focusing
procedure.  I am also wondering if the amino acid composition of the fractions obtained
by the isoelectrofocusing  have been determined?
Dr. Fantes: The  interferon  used for  electrofocusing  was much cruder  than the
peak  material  obtained  by  acid  polyacrylamide  electrophoresis.  The  preparation
that  was  subjected  to isoelectric  focusing  had  only  been purified  some  70-100-fold,
whilst  the interferon  that was used  as  starting material for the electrophoresis  had a
specific  activity  of about  1.5  million  U/mg  protein  and  had  been  purified  several
thousandfold.  What was the second question please?
From  the floor: Have  you  had  a  chance  to  examine  the  interferon  peaks  you
obtained  by isoelectric focusing  for their amino  acid composition?
Dr. Fantes: No, we have not done this.  We only carried  out two  or three amino
acid analyses  on highly purified  interferon  samples of a specific  activity  of about  1.5
million  U/mg protein.  The  results  we obtained  for the different  preparations  were
fairly  similar,  but  when  we  subsequently  subjected  this  type  of  material  to  poly-
acrylamide  gel  electrophoresis,  we  realized  that  the  activity was  not associated  with
the bulk of the protein. We therefore have to disregard our earlier amino acid analysis
results.  As  I  have  said,  we  have  not  done  any  amino  acid  analyses  on  any  of the
electrofocusing  peaks.
Dr. Paucker: With regard  to the  slide  shown earlier,  the  material  used  for  iso-
electric  focusing  came  from  the  radioactive  peak obtained  on preceding  disc  elec-
trophoresis,  and  it still showed  a rather  widespread distribution  ranging from about
pH  6 to 9.
Dr. Burton Janis (University  of Utah):  I'd  like to  ask  Dr. Paucker  something.
188 You said that intra- and extracellular interferons were antigenically distinct.  I wonder
how you determined  this.  Do you have specific  antibodies against  each of these frac-
tions;  and if so, have you done  immunological  localization studies  on them?
Dr. Paucker: This conclusion  was  based  on studies carried  out some  years  ago.
We  prepared anti-interferon serum in animals inoculated  with NDV,v-induced  L-cell
interferon,  and we then attempted  to remove the neutralizing  antibodies  by means of
repeated  absorptions with normal cell extracts and mouse liver powder.  No interferon
neutralizing  antibodies  could  be  removed  by  these procedures.
Dr. Edwin A.  Peets (Shering  Corporation,  Bloomfield,  N. J.):  Dr. Fantes,  con-
cerning  your  interferon  isolated  on  acrylamide  gels  that  was  not  associated  with
protein, did you subject that material  to proteolytic  enzyme treatment?  Is it stable?
Dr. Fantes: We  had so little  total protein  even before  the electrophoresis  that we
did not attempt to do any further work with the resulting fractions. All we  wanted  to
know was where the activity lay. In any case, in order  to elute the interferon from the
gel pieces,  we used solutions  of bovine plasma albumin,  which might  have obscured
any proteolysis results. I suppose we could have tried, but we did not.
Mr. Gary B.  Weiss (New York University School of Medicine,  New York):  How
stable is the highly purified  interferon  relative to the crude preparations?
Dr. Fantes:  We have never been able to keep very highly purified chick interferon
for  any length of time.  Following  the original suggestion  by  the Merck workers,  we
always stored  the samples in polypropylene  containers,  but even  so they lost activity,
both  at +4 ° and  at -20C, perhaps  because  of surface denaturation.
Dr. Paucker: Highly  purified  mouse  interferon  is  exceedingly  stable  provided
bovine plasma albumin,  at a concentration  of 0.5 % is added.  Such material  is stable
for a period  of at least half a year and probably much longer. But in the absence  of a
preservative,  activity  is  lost  very  rapidly  whether  stored  in  glass  vessels,  in  poly-
propylene  vessels, in visking tubing, or in 30 % sucrose.
Dr. Donald L. Bornstein (Hospital of the  University  of Pennsylvania):  Do  these
double-labeling  studies  not  suggest,  or at  least  raise  the  possibility,  that  interferon
exists  in  a  preformed  inactive  reservoir  in the  cell,  and  that  what  is  happening  in
interferon  release  that  is  sensitive  to inhibitors  of protein  and RNA  synthesis  is  the
activation or  expression of some excision  mechanism  or some  final  modeling  process
which  provides the active interferon  molecule?  Is that question clear?
Dr. Paucker: The  question  is clear.  This  is precisely  the  point  I  was  trying  to
make. I don't think that stimulation merely sparks  a release mechanism which permits
interferon to leak out of a cell. The stimulus is likely to be of a more specific  nature.
The requirement for protein synthesis probably implies some alteration in the inactive
or potential interferon molecule, which may possibly  be very minor,  and which leads
to its activation.
Dr. Merigan: May I make a comment as Chairman.  I think that  one can  easily
reconcile Dr.  Fantes'  findings that current purification  procedures  are  not  adequate
with the very high specific  activity of this molecule with the other two speakers'  failure
to demonstrate  amino acid and incorporation  into the interferon  polypeptide  chain.
Hence,  I  feel  that their data doesn't  give  any direct information  on the  preformed
versus  de novo synthesis question  myself.
From the floor: With  respect  to  this same point, I think it's terribly important to
be  absolutely clear  on  a  point raised  by Dr.  Paucker  in his  talk.  In looking at  the
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interferon type proteins  present in control cells,  that  is to  say  in the  set  that ran co-
incident  with  admixed  interferon,  could  you  detect  any  interferon  activity  in those
concentrated  proteins which  came from  control cells,  that is  from cells  that had  not
been stimulated  or induced  to produce interferon?
Dr.  Paucker:  I  wonder  whether  Dr.  StanEek  would  care  to  comment  on this
question.
Dr. Daniel Stan ek  (The Children's  Hospital of Philadelphia):  Yes,  we did find a
certain  amount  of activity.  We cannot  say for  sure  that this  was interferon  activity,
but it was certainly inhibiting  activity. When we subjected  our materials,  i.e. purified
control materials from noninduced  cells  to electrophoresis,  then the major radioactive
peak when tested undiluted  was  inhibitory.
From the floor:  Dr.  Paucker,  just to  comment on your  figures  on the isoelectric
focusing  of mouse interferon,  we have been trying to compare the isoelectric points  of
two different  chick interferons  by the same  method.  Although the material  from the
egg behaved  as you would expect it, the interferon from the fibroblast culture did not.
We obtained  essentially  a distribution of activities looking like yours, namely  ranging
from pH 6 to 9.5 with a maximum at that pH. Now we  were  suspicious of this maxi-
mum  because  the  elution  from  CM-Sephadex  occurs  at  a lower  pH.  When we  sub-
jected  this  peak  to reelectrofocusing,  we  found that  the  distribution  was  again  the
same,  that  is,  starting  at pH  6  and  going  up  to  9  and  above.  While  putting  more
material  on  our  electrofocusing  apparatus,  we  could  see  that  there  was  a  gel-like
precipitate formed during  electrofocusing in the region corresponding  to about pH 7.
This  precipitate  stuck  to  the  glass  wall  at  the  bottom  of the  machine.  As  the  pH
gradually  increased  and when it reached  about 9.5,  most of the precipitate  came off
the  glass and collected  in fractions  of that  pH, and that  is why  we  found  activity  at
pH  9.5.  I wonder  if something similar might explain your figure.
Dr. Paucker:  I  don't think  we  have  ever  seen  anything  comparable  with  our
materials.  However,  we  did compare  isoelectric  components  of human,  mouse,  and
rabbit  interferons.  We  found  that  these  three  types  of  interferon  belong  in  three
separate  categories.  Mouse  interferon  had  a  range  clearly  more  alkaline  than  the
others, extending from pH 6 to about pH 9.  The major activity of human interferons
was clearly acid, with a major peak  of about  pH  3,  I  believe,  for human foreskin  cell
interferon,  and  it  goes  up  to  about  pH 6.8.  Rabbit  interferon seems  to  occupy  an
intermediate  position,  major  activity  collecting  in  the  pH  6  region.  Therefore,  I
think that our  observations  give a true picture,  and they are  not artifactual  which is
perhaps what you  are trying  to imply.
Dr. Youngner: This is not a question,  but a comment.  I  would like to point  out,
somewhat  embarrassedly,  that in  1965 at  a  very  early meeting  on  interferon,  I sug-
gested,  on the  basis  of our results in animals,  that the  possibility  of preformed  inter-
feron existed.  I went on to say,  to the  horrified shock  of many of my  colleagues,  that
perhaps  all interferon  was  present  in  a  preformed  or  precursor  state,  and that  the
requirement  for protein  synthesis  was  a requirement  for  an enzyme  that was  neces-
sary  for  its  activation  and  release.  Since  then, the experimental  data  I've  been  ac-
cumulating  has  led  me  to  discard  this  possibility-and  those  of you  who  listened
carefully  to  my  presentation  yesterday  noted  that  I  had  taken  the  initial  steps  to
discard  my own hypothesis.  This morning  I find  that I  am in the position  of perhaps
having spoken  too soon.
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